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ABSTRACT ARTICLE HISTORY
Introduction: Older adults face an increased risk of influenza-related intensive care unit (ICU) admission Received 17 April 2026

and in-hospital death (IHD). Although vaccination reduces hospitalization, its effect on these outcomes Accepted 18 August 2026
remains uncertain. We estimated the association between influenza vaccination and both outcomes
among adults aged =65 years hospitalized with laboratory-confirmed influenza.

Research design and methods: We conducted a retrospective cohort study using European I-MOVE vaccine: intensive care units:
hospital network data (2015/16-2024/25); vaccination was defined as vaccine receipt =14 days before in—hosp’ital mortality; '
symptom onset. We estimated pooled-season adjusted risk ratios (aRR) using Poisson regression multicenter studies; cohort
adjusting for potential confounders. We calculated relative risk reduction (RRR) as (1-aRR)x100, overall studies; relative risk

and by age group (65-79, =80 years).

Results: After exclusions, 4,257 patients (five study sites, six seasons) were included. ICU admission

occurred in 3% of vaccinated and 5% of unvaccinated patients; IHD occurred in 5% of both groups. RRR

was 11% (95% Cl: —21-34) against ICU admission (65-79 years: —4%; >80 years: 44%). RRR against IHD

was 26% (95% Cl: 3-43); 17% and 29% in each respective age group.

Conclusions: Vaccination showed little or no association with ICU admission, but was associated with

a one-quarter reduction in IHD among hospitalized older adults, reinforcing its benefits against fatal in-

hospital outcomes.
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Human influenza; influenza

PLAIN LANGUAGE SUMMARY
Older adults hospitalized with influenza may experience severe outcomes, such as admission to an
intensive care unit (ICU) or death during their hospital stay. While influenza vaccines are known to
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reduce the risk of hospitalization, it is less clear whether they also reduce the risk of these severe
outcomes once someone is already hospitalized. We analyzed data from a large European hospital
network that collected information over several influenza seasons between 2015 and 2025. The study
included 4,257 adults aged 65 years and older who were admitted to hospital and tested positive for
influenza virus. We compared the risk of severe outcomes between vaccinated and unvaccinated
people. Among vaccinated people positive for influenza virus, about 3 in 100 were admitted to an
ICU, compared with about 5 in 100 unvaccinated people. Death in hospital occurred in about 5 in 100
people in both groups. After taking age, sex, long-term health conditions, timing of admission, season
and study site into account, vaccination showed little or no clear association with ICU admission. In
contrast, vaccinated individuals had a lower risk of dying in hospital than unvaccinated individuals. This
corresponded to about a one-quarter reduction in the risk of death. This finding suggests that influenza
vaccination may provide additional benefits in reducing the risk of death among older adults who are
hospitalized with influenza, even when hospital admission is not prevented, supporting continued

efforts to improve vaccine uptake in this high-risk population.

1. Introduction

Seasonal influenza remains a major cause of morbidity and
mortality worldwide, particularly among older adults [1].
Individuals aged 65 years account for a substantial proportion
of influenza-associated hospitalizations and deaths [2].
Immunosenescence combined with a higher prevalence of
underlying chronic conditions, contributes to the elevated
risk of in-hospital severe outcomes such as intensive care
unit (ICU) admission and in-hospital death (IHD) [3,4].

Influenza vaccination is recommended in Europe for older
adults and other high-risk groups to reduce the burden of
severe disease [5]. However, vaccine coverage varies across
seasons and countries in the European region. According to
Eurostat data spanning 2015-2023, the median seasonal influ-
enza vaccination coverage among individuals aged 65 years
and over was 42%, from 40% in 2015 to 47% in 2023 [6].
Although influenza vaccination is effective at preventing visits
to primary health care and reducing hospital admissions for
laboratory-confirmed influenza [7], infections among vacci-
nated individuals still occur [8]. In such cases, vaccination
may still reduce the risk of severe in-hospital outcomes; how-
ever, existing evidence largely comes from single-country stu-
dies or is restricted to a limited number of influenza seasons,
which precludes evaluating whether this association is consis-
tent over time [8]. Understanding whether influenza vaccina-
tion is associated with a lower risk of in-hospital severe
outcomes among hospitalized patients with influenza diagno-
sis, particularly in more vulnerable individuals, is relevant for
public health communication and vaccination policy.

Since 2015/16, the I-MOVE (Influenza-Monitoring Vaccine
Effectiveness in Europe) hospital network has conducted mul-
ticenter studies using harmonized protocols to estimate influ-
enza vaccine effectiveness (VE) against laboratory-confirmed
influenza hospitalization among patients with severe acute
respiratory infection (SARI) [9]. In 2021, this network became
part of the VEBIS (Vaccine Effectiveness, Burden and Impact
Studies) project, maintaining the use of a common protocol
[10]. The availability of harmonized and multi-season data
from several European countries within the I-MOVE network
provides a unique opportunity to pool data across influenza
seasons and study sites, increasing sample size and thus pre-
cision of estimates. In this study, we aimed to estimate the
association between seasonal influenza vaccination and in-

hospital severe outcomes among adults aged =65 years hospi-
talized with laboratory-confirmed influenza across the
2015/16-2024/25 seasons, using data from the European I-
MOVE hospital network.

2. Methods
2.1. Study design, data collection and study period

We conducted a retrospective cohort study nested within
a test-negative design study. We pooled multi-country hospi-
tal data (17 study sites in 16 countries) from the European I-
MOVE network, covering the 2015/16-2024/25 influenza sea-
sons. We obtained permission from study site representatives
to use these data. All study sites followed a common generic
protocol for patient recruitment and data collection [11,12].
Patient recruitment was either exhaustive or systematic during
periods of high workload (e.g. inclusion on pre-specified days).
Demographic, clinical, and vaccination information were col-
lected using standardized methods through interviews and/or
consultation of electronic medical records. Informed consent
was obtained in accordance with local ethical requirements.
Within each influenza season, the study period began either
14 days after the start of the national influenza vaccination
campaign or from the symptom onset week of the first labora-
tory-confirmed influenza case, whichever occurred later. In
each season, the study period ended at the last week of
symptom onset for a confirmed case or week 20, whichever
occurred earlier.

We defined a study site as a country or region with at least
one participating hospital.

2.2. Study population, follow-up, outcome and exposure
definitions

The study population consisted of community-dwelling hospi-
talized patients aged =65 years who met the SARI case defini-
tion and tested positive for influenza virus by RT-PCR during
their admission and <7 days after onset of symptoms. The SARI
case definition varied slightly between the pre- and post-
COVID-19 pandemic periods of the I-MOVE hospital network,
reflecting protocol updates implemented with the expansion
of the network to estimate COVID-19 VE. During the pre-
pandemic period (2015/16-2019/20), SARI was defined as



any patient hospitalized for =24 hours with at least one sys-
temic symptom (fever or feverishness, malaise, headache,
myalgia or deterioration of general condition) and at least
one respiratory symptom (e.g. cough, sore throat or shortness
of breath) at admission or within 48 hours after admission.
During the pandemic and post-pandemic period (2020/21-
2024/25), SARI was defined as any patient hospitalized for
>24 hours with either: fever, cough, or shortness of breath at
admission or within 48 h after admission [11,12].

Within each season, influenza virus-positive patients entered
the cohort at hospital admission (time zero) and were followed
until hospital discharge. The outcomes of interest were ICU admis-
sion and IHD, both handled as categorical variables (Yes/No/
Missing). ICU admission was defined as admission to an intensive
care unit at any point during the hospital stay, based on clinical
records or hospital coding. IHD was defined as death occurring
during hospitalization, determined from vital status at discharge.
To prevent outcome misclassification, we restricted the analysis to
patients with a complete hospital course. Consequently, patients
whose data were extracted prior to discharge, or who lacked
a discharge status (alive or dead), were excluded from the analysis,
as ICU admission or death could still occur later during hospitaliza-
tion. Although the specific causes of ICU admission or IHD were not
available, these outcomes occurred during the hospitalization with
laboratory-confirmed influenza virus.

The exposure of interest was influenza vaccination. We
classified patients as vaccinated if they received any influenza
vaccine =14 days before symptom onset in the same season.
Those vaccinated 1-13 days before onset were excluded, and
those not vaccinated or vaccinated on or after onset were
considered unvaccinated.

2.3. Data pooling and exclusions

We used season-specific datasets for ‘all laboratory-confirmed
influenza’ as well as separate datasets for influenza A(H1N1)
pdm09, A(H3N2) and B viruses. These data had already under-
gone standardized data cleaning and exclusion procedures
(e.g. removal of healthcare workers, residents of long-term
care facilities, records with inconsistent dates) as described in
previous I-MOVE publications [7,9,13-18]. We then pooled the
season-specific records into a multi-season dataset for each
influenza virus (sub)type.

For each of these pooled datasets, we applied a stepwise
exclusion procedure to the ICU and IHD outcomes indepen-
dently. This approach was used to minimize potential report-
ing bias and avoid sparse data. First, within each study site
and season, we excluded hospitals with more than 10% of
patients missing outcome information. We subsequently
excluded study sites contributing fewer than five outcome
events, removed influenza seasons represented by only one
contributing study site and excluded individual records with
missing outcome data.

To ensure comparability between outcomes and that both
analyses were conducted on the same underlying population,
we restricted the data to patients with complete data for both
outcomes (aligned cohort). Finally, we excluded patients with
documented co-infection with SARS-CoV-2 and/or respiratory
syncytial virus (RSV), to ensure the analysis population
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reflected severe outcomes attributable to influenza virus. We
only performed the analysis for a given influenza virus (sub)
type if, after exclusions, there were at least 3 seasons to ensure
that pooled season estimates had a better coverage of the
period under study.

2.4. Statistical methods

We estimated the association between influenza vaccination
and the risk of ICU admission or IHD using both one- and two-
stage pooling approaches. Using a single aligned dataset, we
fitted separate modified Poisson regression models for each
outcome. These models utilized a log link and robust standard
errors to estimate confounder-adjusted risk ratios (aRRs) com-
paring vaccinated with unvaccinated influenza virus-positive
patients. We quantified relative risk reduction (RRR) as (1-aRR)
x 100 (expressed as a percentage), which was used to describe
the magnitude of the association between vaccination status
and each outcome.

For the one-stage pooling approach, we adjusted models
for age, sex, presence of at least one commonly collected
chronic condition (diabetes, chronic lung disease/asthma, car-
diovascular disease, or immunodeficiency), admission date,
season and study site. We explored three functional forms
for age: a linear term, restricted cubic splines (RCS) with 3-4
knots and a categorical variable (65-79, =80 years). We eval-
uated several parameterizations for admission date to account
for seasonal and within-season variation: (i) categorical vari-
ables combining season with admission month or week; (ii)
additive fixed effects for season and admission month or
week; and (iii) the admission date modeled as a continuous
daily index (representing the chronological sequence of days
since the study start) via RCS with 3-4 knots, included as both
an additive term and an interaction with season. The final
specification was selected based on the Akaike Information
Criterion (AIC). We estimated RRR overall (=65 years) and stra-
tified by age group (65-79, =80 years). Additionally, we con-
ducted a secondary analysis stratified by pre- and post-
pandemic period to assess the potential impact of changes
in healthcare systems and respiratory virus circulation. We
assessed effect modification by age group and pre/post-
pandemic period by including interaction terms between vac-
cination status and the respective variable in the adjusted
models.

For the two-stage analysis, we first fitted season-specific
adjusted models using the same modified Poisson framework
and AlC-selected specifications for age and admission date.
We then pooled the log risk ratios across seasons using
a fixed-effects meta-analysis and quantified between-season
heterogeneity using the I? statistic.

We flagged results as potentially unstable when the num-
ber of outcomes divided by 10 was smaller than the number
of model parameters or contributing study sites. When this
occurred, we also fitted a Firth-type penalized modified
Poisson regression [19] to identify the presence of small-
sample bias. We compared the RRR from standard and pena-
lized models and did not report estimates where the absolute
difference exceeded 10% points.
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2.5. Sensitivity analyses

We conducted four sensitivity analyses. To evaluate the impact
of our exclusion criteria, we estimated the RRR by (1) including
hospitals with >10% missing outcome data; (2) utilizing out-
come-specific complete-case populations rather than the
aligned cohort; and (3) including patients with SARS-CoV-2
or RSV co-infections. Finally, to evaluate the robustness of
our findings against unmeasured confounders, (4) we per-
formed a quantitative bias assessment (QBA) by calculating E-
values [20] for estimates whose 95% confidence interval
excluded the null.

All data analyses were performed using R statistical soft-
ware (v4.5.2, R Core Team).

3. Results
3.1. Descriptive analysis

Of the four pooled-season datasets created (all laboratory-
confirmed influenza, A (HIN1)pdm09, A(H3N2), and influenza
B), only the dataset for all laboratory-confirmed influenza met
the inclusion criteria for analysis (at least three seasons
remaining after exclusions; see Supplementary Figures S1-S3
for the flowcharts of exclusions for the other (sub)types). This
dataset contained 8,640 influenza virus-positive hospitalized
patients aged =65 years from 17 study sites participating in
the I-MOVE hospital network between the 2015/16 and 2024/
25 influenza seasons. After applying exclusion criteria, 4,257
patients from five study sites and 63 hospitals were included
across six seasons, three in the pre- (2016/17-2018/19) and
three in the post-pandemic period (2022/23-2024/25)
(Figure 1).

Among the patients included in the final analysis, 59% (n =
2,490) were vaccinated against influenza. Vaccinated patients
were older than unvaccinated patients (59% vs 43% were
aged =80 years) and slightly more likely to have at least one
chronic condition (87% vs 81%). The sex distribution was
similar between groups, with a slightly higher proportion of
males among vaccinated patients (52%) compared with
unvaccinated patients (48%). Among those vaccinated, stan-
dard-dose vaccines were the most common vaccine type
(72%), followed by adjuvanted (17%) and high-dose (9%) vac-
cines. The administered vaccines were approximately even
split between trivalent and quadrivalent formulations.
Patients were enrolled across six influenza seasons, with the
largest contribution from the 2024/25 season; the seasonal
distribution was broadly similar between vaccinated and
unvaccinated groups (Table 1). The distribution of vaccinated
and unvaccinated patients by participating study site and
season is detailed in Supplementary Table S1.

The distribution of influenza virus (sub)types varied by
season, with three seasons showing influenza A (H3N2) pre-
dominance (2016/17, 2018/19 and 2022/23), one with influ-
enza B predominance (2017/18) and two with higher
prevalence of influenza A(HIN1)pdmO09 (2023/24 and 2024/
25) (Figure 2).

Patient characteristics remained broadly similar across the
pre- and post-pandemic periods, except for vaccine type and

circulating subtypes. Standard-dose (egg-based, non-
adjuvanted inactivated) vaccines predominated in the pre-
pandemic period (94%), whereas the post-pandemic period
saw a higher use of adjuvanted (29%) and high-dose (18%)
vaccines. Furthermore, while influenza A(H3N2) was the most
frequent subtype in the pre-pandemic period (62%), the post-
pandemic period was marked by a higher proportion of A
(HINT)pdm09 (41%), than A(H3N2) (31%) (Supplementary
Table S2).

Among all included patients aged =65 years, ICU admission
occurred in 3% of vaccinated and 5% of unvaccinated
patients, while IHD occurred in 5% of patients in both groups.
Among patients aged 65-79 years, ICU admission occurred in
6% of vaccinated and 7% of unvaccinated patients, and IHD
occurred in 3% of both vaccinated and unvaccinated groups.
Among patients aged = 80 years, ICU admission occurred in
1% of vaccinated and 3% of unvaccinated patients, and IHD
occurred in 6% and 9%, respectively (Table 2).

When stratifying by pre- and post-pandemic period, the risk
of ICU admission was 3% among vaccinated and 4% among
unvaccinated patients in the pre-pandemic, compared to 4%
and 6% in the post-pandemic period, respectively. For IHD, the
risk was 4% among vaccinated and 3% among unvaccinated
patients in the pre-pandemic, and 5% and 7% in the post-
pandemic period (Supplementary Table S3).

3.2. Relative risk reduction in ICU admission and
in-hospital death

The pooled-season RRR for ICU admission was 11% (95% Cl: —21-
34), with age-specific estimates of —4% (95% Cl: —46-25) among
patients aged 65-79 years and 44% (95% Cl: —11-72) among
those aged >80 years (Table 2). The ratio of aRRs comparing
patients aged >80 years with those aged 65-79 years was 0.46
(95% Cl: 0.22-0.94; p for interaction = 0.03). When stratified by
pre- and post-pandemic period, the overall RRR was 18% (95% Cl:
—36-51) in pre-pandemic and 9% (95% Cl: —33-37) in the post-
pandemic period (Supplementary Table S3). The ratio of aRRs
comparing the post- vs pre-pandemic periods was 1.15 (95% Cl:
0.62-2.13; p for interaction = 0.66).

For IHD, the pooled-season RRR was 26% (95% Cl: 3-43),
with corresponding age-stratified estimates of 17% (95% Cl:
—38-50) among patients aged 65-79 years and 29% (95% Cl:
4-48) among those aged = 80 years (Table 2). The ratio of aRRs
was 0.92 (95% Cl: 0.51-1.67; p for interaction=0.79). In the
secondary analysis, the overall RRR was 3% (95% Cl: —57-40) in
the pre-pandemic period and 33% (95% Cl: 9-51) in the post-
pandemic period. The ratio of aRRs was 0.64 (95% Cl: 0.36-
1.12; p for interaction =0.12) (Supplementary Table S3).

Across all one-stage pooled-season models with fewer than
10 outcomes per parameter, Firth-type penalized modified
Poisson regression showed absolute RRR differences <1%
compared to the standard modified Poisson regression mod-
els (Supplementary Table S4).

The two-stage pooled-season RRR was 6% (95% Cl: —27-30%;
I = 17%) for ICU admission and 29% (95% Cl: 7-46%; |* = 13%) for
IHD (one-stage: 11% and 26%, respectively). Season-specific RRR
estimates ranged from —60% to 62% for ICU admission, with no
discernible pattern by dominant circulating influenza subtype. For
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Hospitalized with influenza virus (aged 265 years)
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17 sites: AL, BE, CZ, DE, ES, FR, HR, HU, IE, IT, LT, MT, NA, NL, PL, PT, RO
10 seasons: 2015/16—-2024/25

/\

ICU admission
outcome

In-hospital death
outcome

Exclusions:
* Hospitals with >10% missing outcome:
2,030 patients, 28 hospitals, 2 sites, 1 season
* Sites with <5 outcome events:
990 patients, 17 hospitals, 7 sites, 1 season
» Seasons with only 1 contributing site:
38 patients, 1 season
* Patients with missing outcome data:
34 patients
* Patients not common to both datasets:
1,199 patients, 7 hospitals, 3 sites, 1 season
* Patients with co-infections:

92 patients

Exclusions:

* Hospitals with >10% missing outcome:
1,106 patients, 30 hospitals, 3 sites

* Sites with <5 outcome events:
2,817 patients, 18 hospitals, 6 sites, 3 seasons

* Seasons with only 1 contributing site:
128 patients, 1 season

* Patients with missing outcome data:
20 patients

* Patients not common to both datasets:
220 patients, 4 hospitals, 3 sites

¢ Patients with co-infections:
92 patients

S, E——

»>&

4,257 patients
63 hospitals

5 sites
BE, ES, IE, NA, NL

6 seasons
2016/17-2018/19
2022/23-2024/25

Included in final analysis

Abbreviations: AL: Albania, BE: Belgium, CZ: Czechia, DE: Germany, ES: Spain, FR: France, HR: Croatia, HU: Hungary, ICU: Intensive Care
Unit, IE: Ireland, IT: Italy, LT: Lithuania, MT: Malta, NA: Navarre, NL: The Netherlands, PL: Poland, PT: Portugal, RO: Romania.

Figure 1. Flowchart of the included and excluded influenza virus-positive hospitalized patients aged >65 years by outcome, I-MOVE hospital network, Europe,

2015/16-2024/25.

IHD, season-specific estimates varied from —6% to 40%, with sea-
sons having the lowest proportion of influenza A(H3N2) cases
(2017/18, 2023/24, and 2024/25) yielding the highest RRR esti-
mates (range: 36-40%), whereas seasons dominated by A(H3N2)
(2016/17, 2018/19 and 2022/23) showed no observed protective
association (range: —6-0%). With the exception of the A(H1N1)-
dominated 2023/24 season (40%, 95% Cl: 4-63%), season-specific
estimates were not statistically significant (Supplementary
Table S5).

Across the first three sensitivity analyses, the overall
estimates for ICU admission ranged between 0% and 8%
compared to 11% in main analysis; for IHD these ranged
between 19% and 25% compared to 26% in main analysis
(Supplementary tables S6-S8). The QBA for the overall IHD
estimate gave E-values of 2.04 for the point estimate and
1.21 for the confidence interval limit closest to the null.
Among adults aged =80 years, E-values were 2.17 and 1.25,
respectively.
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Table 1. Characteristics of vaccinated and unvaccinated influenza virus-positive
hospitalized patients aged =65 years, |-MOVE hospital network, Europe,
2016/17-2024/25.

All laboratory-confirmed influenza (=65 years)

(N=4,257)

Vaccinated Unvaccinated

(N =2,490) (N=1,767)
Characteristic n % n %
Age group (years)
65-79 1,031 41 1,003 57
>80 1,459 59 764 43
Sex
Female 1,204 48 926 52
Male 1,286 52 841 48
Chronic conditions®
No 318 13 344 19
Yes 2,172 87 1,423 81
Influenza vaccine type
Standard dose® 1,485 72 NA NA
Adjuvanted 358 17 NA NA
High dose 179 9 NA NA
Cell-propagated 54 2 NA NA
Unknown 414 NA NA NA
Influenza virus (sub)type
A(HIN1)pdm09 636 26 522 30
A(H3N2) 1,165 47 734 42
Influenza B 335 13 256 14
Influenza A (unsubtyped) 319 13 230 13
Influenza untyped 35 1 25 1
Season
2016/17 369 15 207 12
2017/18 499 20 347 20
2018/19 267 1 164 9
2022/23 287 12 157 9
2023/24 407 16 341 19
2024/25 661 26 551 31

Abbreviations: NA - not applicable.

Chronic conditions included at least one of: diabetes, heart disease, lung
disease, asthma or immunodeficiency.

bStandard dose: egg-based, non-adjuvanted inactivated vaccine.

4. Discussion

Our study suggests that, among adults aged =65 years hospi-
talized with laboratory-confirmed influenza, seasonal influenza
vaccination was associated with a reduction in the risk of IHD
(RRR: 26%; 95% Cl: 3-43), but little to no reduction in the risk
of ICU admission (RRR: 11%; 95% Cl: —21-34).

Our results for ICU admission were similar to those reported
by Regan et al. in a multi-country analysis of four countries in
South America (12%; 95% Cl: —8-28) also conducted over multi-
ple seasons (2013-2019) [21]. In contrast, studies performed in
the United States during the 2013/14 season (37%; 95% Cl: 19—
52) [22] and Spain during the 2013/14-2014/15 seasons (65%;
95% Cl: 30-83) [23] reported higher RRR estimates. This variation
is consistent with the wide range observed in our season-specific
results (—60% to 62%) and likely reflects that ICU admission is
influenced not only by disease severity but also by patient
characteristics (e.g. age), clinical guidelines, ICU bed availability,
and patient or family preferences [24,25]. While these factors are
unlikely to differ systematically by vaccination status, they may
introduce variability when comparing estimates across different
hospitals, countries and seasons. By pooling harmonized data
from 63 hospitals across five study sites, our study provides
a representative average of the vaccine’s association across
diverse countries, rather than reflecting the specific ICU admis-
sion practices of a single study site or season.

For IHD, our 26% relative reduction aligns closely with
estimates from a multi-season study conducted in the United
States during the 2016/17-2018/19 seasons (25%; 95% CI: 2-
43), two out of three seasons with influenza A(H3N2) predo-
minance [26]. While larger relative reductions in mortality (38-
64%) have been reported [21-23,27], other studies found no
statistically significant association, with estimates ranging
from —15% to 44% [28-30]. These differences may reflect
varying outcome definitions (e.g. 30-day mortality vs IHD) or
differences in case ascertainment. A key strength of our study
was the use of systematic RT-PCR testing of patients meeting
the SARI case definition across most participating study sites,
which minimized misclassification of influenza infection and
reduced the potential for selection bias compared to studies
relying exclusively on International Classification of Diseases
codes or testing at clinician discretion.

Beyond differences in study population and outcome defi-
nitions, variation in estimates across studies may also reflect
differences in statistical approach. While two of the studies
discussed above used propensity score or inverse probability
weighting methods to adjust for confounding [21,30], we used
multivariable outcome regression, conditioning on the same
measured covariates that would be used to construct
a propensity score. Because both approaches rely on the
same set of measured confounders, we would not expect
this choice to be a major driver of the differences observed
across studies. Consistent with this, our regression-based esti-
mates fall within the range reported by studies using propen-
sity score-based approaches. Variations in estimates across
studies may be driven by the inclusion of different influenza
seasons, characterized by variations in circulating influenza
virus (sub)types and VE estimates. By spanning six seasons,
our study was able to overcome the sample size limitations
inherent to estimating RRR against rare outcomes such as ICU
admission and IHD. Furthermore, rather than focusing on
a single season with potentially atypical vaccine performance,
our pooled approach provided a more representative average
across varying degrees of influenza virus (sub)type predomi-
nance (Figure 2). This is contextualized by published I-MOVE
hospital network VE estimates, where VE against laboratory-
confirmed hospitalized influenza among patients aged = 65
years ranged between 13% and 47% across included seasons
(Supplementary Table S9).

Stratification by age group yielded comparable estimates for
IHD among adults aged 65-79 years and >80 years (RRR: 17% vs
29%, respectively). In contrast, evidence of effect modification by
age was observed for ICU admission (p =0.03), with a greater
estimated risk reduction among those aged =80 years (RRR:
44%, 95% Cl: —11-72) compared to little or no reduction
among those aged 65-79years (RRR: —4%, 95% Cl: —46-25).
However, interpretation of age-specific associations for ICU
admission warrants caution because, consistent with the litera-
ture [4], ICU admission in our cohort was less frequent in adults
aged =80 years compared to those aged 65-79 years (occurring
in 1% vs 6% of vaccinated, and 3% vs 7% of unvaccinated,
respectively). This low frequency is strongly influenced by ICU-
triage protocols and care-limitation decisions (e.g. advance direc-
tives or do-not-resuscitate orders) [24,25]. This may result in
lower precision and may create a selection bias, where the adults
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Figure 2. Distribution of (sub)types among influenza virus-positive hospitalized patients aged >65 years, by season, I-MOVE hospital network, Europe, 2016/17-

2024/25.

Table 2. Confounder-adjusted relative risk reduction for ICU admission and in-hospital death among influenza virus-positive hospitalized patients aged =65 years, by

outcome and age group, I-MOVE hospital network, Europe, 2016/17-2024/25.

Outcome and Risk of outcome among Risk of outcome among Crude Confounder- Relative risk

age group vaccinated: % (n/N) unvaccinated: % (n/N) RR 95% Cl adjusted RR? 95% ClI reduction (%)  95% Cl

ICU admission

Overall 3% (81/2,490) 5% (89/1,767) 0.65 0.48-0.87 0.89 0.66-1.21 1 -21-
34

65-79 years 6% (65/1,031) 7% (69/1,003) 092 0.66-1.27 1.04 0.75-1.46 —4* —46—
25

>80 years 1% (16/1,459) 3% (20/764) 042 0.22-0.8 0.56 0.28-1.11 44+ -11-
72

In-hospital

death

Overall 5% (119/2,490) 5% (96/1,767) 0.88 0.68-1.14 0.74 0.57-0.97 26 3-43

65-79 years 3% (26/1,031) 3% (31/1,003) 0.82 0.49-136 0.83 0.50-1.38 17* —38-
50

>80 years 6% (93/1,459) 9% (65/764) 0.75 0.55-1.02 0.71 0.52-0.96 29* 4-48

Abbreviations: RR, risk ratio; Cl, confidence interval; n, number of patients with the outcome; N, total number of patients.
®Adjusted for age, sex, presence of =1 chronic condition, admission date, season and study site. The selected models parameterized time as an additive fixed effect
for season and a restricted cubic spline (RCS) of the admission date (modeled as a continuous daily index with 3 knots); age was modeled as a linear term or an

RCS with 3-4 knots.

*Total number of outcomes divided by 10 smaller than the number of model parameters; Firth-type penalized modified Poisson regression showed no evidence of

small-sample bias (difference <10% points).

*Total number of outcomes divided by 10 smaller than the number of contributing study sites.

aged > 80 years admitted to ICU represent a specific subgroup of
‘healthier’ older patients deemed capable of withstanding inten-
sive treatment. Consequently, this group may not be represen-
tative of the broader population aged =80 years, who often
present with higher levels of frailty. Furthermore, because the
observed 44% RRR is based on a low number of events and has
a wide 95% Cl (—11-72), this estimate could also be explained by
random error.

Our secondary analysis showed no statistically significant
differences between pre- and post-pandemic periods for
either outcome (p for interaction =0.12). This is further sup-
ported by the low between-season heterogeneity (12 <17%)
and the consistency between one-stage and two-stage pooled
estimates (Supplementary Table S5). While the formal test for
interaction was non-significant, we observed a lower RRR for
IHD in the pre-pandemic period (3%) than the post-pandemic
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period (33%). As patient characteristics remained stable across
these periods (Supplementary Table S2), the variation in RRR
may be explained by differences in subtype circulation or
increased usage of enhanced vaccine formulations, such as
high-dose or adjuvanted vaccines. The pre-pandemic seasons
included were characterized by a higher relative proportion of
influenza A(H3N2) (62%) compared to post-pandemic seasons
(31%). This is consistent with subtype-specific RRR estimates
provided by Regan et al. who reported a lower RRR among
influenza A(H3N2) cases than among influenza A(H1N1)pdm09
or influenza B cases [21]. This relationship is also reflected in
our season-specific RRR results, which showed a lack of pro-
tective association against IHD during A(H3N2) predominant
seasons. While the shift toward enhanced vaccines in the post-
pandemic period may have contributed to higher RRR, our
study was not sufficiently powered to evaluate RRR by vaccine
type. However, recent evidence suggests that these formula-
tions may provide greater protection against influenza-
associated hospitalization [31] and higher reductions in influ-
enza-associated mortality following hospitalization [26] com-
pared to standard-dose vaccines.

Our study has some limitations. Firstly, unmeasured con-
founding related to underlying vulnerability remains possible.
Although we adjusted for the presence of key chronic condi-
tions, detailed frailty measures, socioeconomic variables (e.g.
health literacy), or healthcare utilization indicators (e.g. the
number of previous hospitalizations or outpatient visits) were
unavailable, precluding further confounding adjustment.
While a ‘healthy vaccinee’ bias cannot be ruled out (which
would overestimate the protective association), we anticipate
that confounding by indication (frailty bias) is more likely. As
the most vulnerable older adults are preferentially targeted for
vaccination, vaccinated individuals in our hospitalized cohort
likely possess a higher baseline risk for severe outcomes than
their unvaccinated counterparts. Consequently, we expect this
unmeasured confounding to pull our estimates toward the
null, potentially underestimating the strength of the observed
protective associations. Adjustment for antiviral therapy in
hospital was likewise not possible, as information on antiviral
use and timing during hospitalization was not available.
Because early antiviral treatment reduces the risk of severe
outcomes [32,33], differential use by vaccination status or
delays in administration could have attenuated or inflated
the observed associations. The E-values observed in our QBA
sensitivity analysis suggested that an unmeasured confounder
would need to be associated with both vaccination and mor-
tality by a risk ratio of at least 2.04 to fully explain our finding,
or by a risk ratio of 1.21 to shift our confidence interval to
include the null. Such a confounder would need to operate in
the direction of a healthy-vaccinee effect (i.e. associated with
both a higher likelihood of vaccination and a lower risk of
IHD), which is less likely than confounding by indication (frailty
bias) in our study population. We therefore consider it unlikely
that unmeasured confounding fully explains our findings.
However, as with any observational study, we cannot fully
exclude this possibility.

Secondly, although a common protocol and standardized
outcome definitions were applied across all study sites, we

cannot fully exclude the possibility that ICU admission was not
captured with the same completeness everywhere. Differences
in health system organization (e.g. availability of high-
dependency units) or in capacity during periods of strain
(e.g. during the COVID-19 pandemic) could mean that some
ICU-level care was delivered outside formally designated 1CU
wards and therefore may not have been captured under our
ICU admission indicator. We would not expect this to differ by
vaccination status within a given site or season; however, if
the completeness of ICU capture varied across sites or seasons,
this could contribute to the variability observed in our season-
specific estimates, independent of any difference in the vac-
cine—outcome association. Due to sample size constraints, we
did not estimate site-specific associations or test for site-level
heterogeneity.

Thirdly, our study only considered in-hospital deaths, as 30-
day post-admission mortality data were not available across all
study sites. This restriction introduces a potential discharge
bias, as patients may have been discharged to palliative care
facilities or died shortly after discharge, leading to an under-
ascertainment of fatal outcomes. Additionally, if individuals
who die in hospital are more likely to be unvaccinated than
those who died after discharge [34], using in-hospital mortality
as an endpoint could lead to a differential under-
ascertainment of deaths among vaccinated patients, poten-
tially overestimating the observed RRR.

Fourthly, the exclusion of hospitals with >10% missing out-
come data or the use of an aligned cohort for both outcomes
reduced sample size and limited representativeness. However,
these approaches were implemented to minimize reporting
bias and ensure comparability between outcomes.
Additionally, sensitivity analyses showed that the inclusion of
these records did not alter the interpretation of our findings.

Fifthly, while our pooled sample size was sufficient for the
primary analysis, it was insufficient for further stratification by
influenza (sub)type and season. Given the low RRR observed,
larger cohorts are required to provide the statistical power
necessary for precise estimates within  subgroups.
Furthermore, incomplete information and sample size limita-
tions precluded the exploration of the effects of use of differ-
ent vaccine types (e.g. adjuvanted or high-dose vs standard-
dose vaccines) [26], prior-season vaccination [23], or estima-
tion of the RRR in younger age groups.

Sixthly, RSV testing in older adults was not systematically
implemented in the pre-pandemic period, and in the post-
pandemic period some study sites may have utilized sequen-
tial testing algorithms (e.g. performing SARS-CoV-2 testing
only if influenza virus RT-PCR was negative or vice-versa). As
a result, some co-infections may have been undetected. In our
sensitivity analysis including the 92 identified co-infection
cases, the RRR estimates were slightly lower but varied by
less than five percentage points (Supplementary Table S8).
This suggests that if undetected co-infections remained in
the main analysis, our results might represent a slight under-
estimation of the RRR. However, based on the low frequency
of identified co-infections in our cohort, it is unlikely that
undetected co-infections significantly influenced the observed
associations.



Finally, restricting the analyses to patients hospitalized with
laboratory-confirmed influenza limits comparability between
vaccinated and unvaccinated individuals, as vaccination may
have prevented hospitalization among less vulnerable indivi-
duals, and vaccinated patients who are hospitalized may differ
from unvaccinated patients in underlying vulnerability [35-
37]. Consequently, the associations obtained in this study
should not be interpreted as estimates of vaccine effective-
ness against progression to ICU admission or IHD, but rather
as associations between vaccination status and the relative
risk of in-hospital severe outcomes.

5. Conclusions

Our study found that the estimated risk reduction against ICU
admission was 11%, with confidence intervals compatible with
little or no reduction in risk. In contrast, influenza vaccination
was associated with a 26% relative reduction in the risk of
death in hospital among adults aged = 65 years hospitalized
with laboratory-confirmed influenza, corresponding to
approximately a one-quarter reduction in the risk of death
compared to unvaccinated individuals. This finding suggests
that vaccination is associated with reduced disease severity
even when hospitalization was not prevented. This reinforces
the potential added value of influenza vaccination in reducing
fatal in-hospital outcomes among older adults and supports
continued efforts to improve vaccine uptake in this high-risk
population.

Continued harmonized multicenter hospital studies are
needed to assess the consistency of these associations across
future influenza seasons and to increase precision for these
outcomes. Because ICU admission may reflect more than just
disease severity, future studies could explore alternative sever-
ity endpoints, such as the requirement for mechanical ventila-
tion or the use of standardized organ failure scores, that better
capture influenza-related severity among hospitalized older
adults.
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